ABSTRACT AIM: Glioblastoma is the most common and highest-grade infiltrative astrocytoma. It is usually associated with a bad prognosis. Histological grading is highly predictive of an aggressive behavior, with a mean survival rate of 1 year. Nonetheless, individual patient survival can vary substantially, ranging from 1 month to over 5 years. Several distinct clinical parameters and molecular alterations have recently been described in glioblastoma. The present study compares clinical, radiologic and therapeutic parameters in a series of glioblastomas to identify prognostic factors.
INTRODUCTION
Glial tumors are the most common type of primary brain neoplasm and constitute approximately 60% of all primary brain tumors. In glioblastoma patients survival time is still approximately 1 year despite all treatment modalities including surgical resection, radiation therapy and chemotherapy (6, 16, 20, 25, 26, 34, 35) . Nevertheless, survival beyond the fifth year after surgery is observed in a small number of patients. For this reason, there has been longstanding interest in the identification of prognostic markers for glioblastoma.
A number of methods for predicting the outcome in glioblastoma patients have been described. Age, Karnofsky performance scale, tumor localization, tumor size, histopathologic subgroups, extent of resection, radiotherapy and reoperation, molecular and genetic factors like Annexin 7 expression, MIB labeling index and p 53 expression have been evaluated for predicting prognosis (1, 3, 4, (7) (8) (9) (10) (11) (12) 15, (18) (19) (20) 29, 30, 32) . Cell mitotic activity and proliferation indicators may give more information about aggressive behavior of tumors than clinical parameters. The determination of the MIB I antibody against Ki67, which is a nuclear antigen may demonstrate the biologic behavior of glioblastoma. Most studies that evaluate prognostic value have conflicting results.
In this study, we aimed to evaluate the efficacy of clinical, radiological and surgical prognostic parameters on the length of survival in 50 patients with glioblastoma.
MATERIAL and METHODS
We evaluated all patients who were operated on for intracranial glial tumors at the Bakırkoy Research and Training Hospital for Neurology, Neurosurgery and Psychiatry, 2nd Neurosurgery Clinic, between January 1998-March 2004 retrospectively. 68 of the 84 patients were graded as 4 according to the WHO grading system. Only 50 patients who had medical and follow-up records were included in the study.
All of the clinical and radiological records from the 50 cases were reviewed retrospectively. Age, gender, duration of complaint, Karnofsky Performance Score at the time of admission and on discharge were recorded. Time of duration of complaint was classified as 0-1 month, 1-2 months, Management modalities were classified as: Stereotactic biopsy; stereotactic biopsy plus radiotherapy; surgical resection; surgical resection plus radiotherapy. Early postoperative CT was obtained to evaluate the amount of resection for all patients. Early postoperative MR imaging's is not routine in our institute and was performed in 22 (44%) patients. Amount of resection was defined as; total resection (there is not any residual tumor tissue on the CT and/or MR image), subtotal resection (residual tumor tissue is less than 10% percent of the initial tumor), partial resection (residual tumor tissue is greater than 10% percent of the initial tumor). Glasgow outcome scale and Karnofsky performance scale were used to evaluate patient's functional status at discharge for all patients.
All of the patients were reevaluated by telephone method. All information about their last neurological status was collected from them or their relatives. The date of death or last examination of the patient was used to establish endpoints.
Statistical analyses were calculated with SPSS for windows (SPSS for Windows; version 10.0; SPSS, Inc., Chicago, IL). Kaplan Meier method was used for the calculation of median survival time. The effects of variables on the survival time were evaluated by Log Rank test. Stepped Cox regression test was used for the multivariate analyses. Anova test was used for numeric variables and Pearson ¯2 test was used for nominal and ordinal variables. Variables were determined as; 1) age, 2) gender, 3) Karnofsky performance scoring at the time of diagnosis and the early postoperative period, 4) extension of resection, 5) localization, 6) radiological findings, 7) therapy modalities, 8) reoperation. P value under 0.05 was determined as significant for all statistics.
RESULTS
The postoperative follow-up period was in range from 5 to 65 months. Forty patients died within the follow-up period. The mean survival time was 7.5 months (range, 1-18 months). The efficacies of prognostic variables upon survival were summarized in Table I and Table II (Figure 1 ).
Age was used as numerical data and we did not use any cut off value. Increasing age was a significant variable for worse prognosis. Younger patient's survival time is longer than elder (p=0.05).
Duration of complaint:
The time from the first complaint to hospital admission was less than 2 months in over half of patients and only shorter than 8 months for 90% of patients.
The signs of increased intracranial pressure were a prominent complaint for admission. One third of patients had been admitted to the hospital with only a headache and/or vomiting. Only 25% of the patients had additional neurological deficits. Neither clinical symptoms nor duration of complaint influenced the survival time in the present study.
Karnofsky Performance Score: According to Karnofsky Performance scale, 19 (38%) of the 50 patients had dependency as below cut off value.
Karnofsky Performance Scale at admission did not show a significant influence on survival time (p=0.41) according to Log Rank test and Multiple Cox regression analysis.
At discharge from the hospital evaluation, 40 patients (80%) were in or above 70 and independent, 10 patients (20%) were under 70 according to Karnofsky Performance Scale.
Survival time for patients whom were dependent on discharge according to Karnofsky Performance scale was 4.56 m. and 8.18 m for independent patients. A significant difference was found between the two groups according to Log-Rank test (p=0.005) ( Figure 2 ). Karnofsky Performance Score on discharge seemed to be an important independent factor on survival time according to multivariate analysis.
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Radiologic characteristics: Table III shows radiological characteristics of the tumor (localization, tumor size, midline shift, contrast enhancement, presence of peritumoral edema, cystic component).
Survival time was not affected by tumor localization, existence of cyst, midline shift, enhancement of contrast and tumor volume according to both univariate and multivariate analysis.
Extent of resection:
Survival time for patients who underwent only stereotactic biopsy was 3.6 months and was statistically significantly shorter than those underwent surgical resection at any degree (7.95 months). While, total resection was successful on control CT and/or MRI in 28 (56%) patients, subtotal resection in 16 (32%) and partial resection in 1 patient. Five (10%) patients underwent only stereotactic biopsy. The patients who had total resection survived longer period than the patients whom had subtotal removal (8.5 months and 6.3 months respectively, p=0.03). The extent of resection was a significant independent prognostic factor also after multivariate analysis (p<0.05) (Figure 3 ).
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Radiotherapy: Four patients did not accept adjuvant therapy after stereotactic biopsy. They only followed up with medical supporting treatment. One patient accepted only radiotherapy after biopsy. Thirteen patients were followed up without any adjuvant therapy, 32 patients (64%) received radiotherapy after resective surgery.
While 32 patients (64%) received radiotherapy as adjuvant therapy after surgical resection, 13 patients recurrence or residual tumor. These patients were younger, and independent according to Karnofsky performance scale. The median survival time for the patients who underwent reoperation was significantly higher than for others, according to Log-Rank test (p<0.05). After multivariate analysis, its significance continued. Reoperation was independent prognostic factor according to Multiple Cox regression analysis (p<0.05) ( Figure 5 ).
DISCUSSION
Glioblastoma is the most frequently diagnosed primary brain malign tumor in adults and invariably a fatal disease. Survival time is still approximately 1 year despite all the treatment modalities including surgical resection, radiotherapy and chemotherapy. The median survival time was 7.5 months in the present study. We know that adjuvant therapy may extend the survival time. Some of our patients have been followed unless adjuvant therapy after initial surgical resection. This may explain the cause of short median survival time in the present study. Salcmann et al. reviewed the survival time and curve in malignant astrocytomas. He found those patients who reported after 1980 survived longer than those before 1980 with a same survival curve. Until recently, a 3 year life period for glioblastoma was indicated in 3% of patients and a 5 years life period it was indicated 0%. Today there are documentations of patients surviving 10 years with GBM (27) .
To date, a number of methods for predicting the prognostic subgroups of glioblastoma patients have been described. Furthermore age, Karnofsky performance score, tumor localization, tumor size, histopathologic subgroups, extend of resection, adjuvant therapy and reoperation are generally accepted parameters for prognosis.
Recent studies tend to evaluate molecular genetics or molecular biology rather than clinical or radiological subjects or prognostic factors. Results of studies of Annexin 7 expression, MIB labeling index and p 53 expressions are conflicting. The determination of the MIB I antibody against Ki67, which is a nuclear antigen may demonstrate the biologic behavior of the glioblastoma. Many reports have been published with the utilization of MIB I antibody as a prognostic parameter, but most of them had conflicting results especially for low-grade glioma.
Age and gender:
In contemporary studies, the most important prognostic factor is age at the time of diagnosis (5, 6, 13, 16, 17, 20, 21, 23, 25, 33) . Survival time is significantly longer in younger patients. Our findings supported this knowledge. Multivariate analysis also showed a clear correlation between increasing age and decreasing overall survival. Age associated comorbities, lower immunocompetence and possible resistance to adjuvant therapy in elderly patients may be a predisposing factor to adverse outcomes.
There is a male dominance in almost all incidence studies for glial malign tumors (21, 33) . The present study is concordant with literature. Although authors usually do not emphasize gender as a prognostic factor, male gender was good prognostic factor in the present study. Furthermore, it was statistically significant after multivariate analysis. Gorlia et al. has reported that male patients had survived shorter than females in their series (10) . However they thought that the higher multiple tumor incidences in male patients was a possible cause. There are few reports to determine male gender as bed prognosis in literature (13, 17) . Reavey and Cartwell et al.. have determined the female gender as a bad prognostic factor just like our series (23) .
Duration of complaint: Duration of complaint was only 2 months in 1/3 of patients in this study. More than half of patients had sign and symptoms due to increased intracranial pressure. Long duration of complaints and existence of epileptic seizures may indicate the secondary Glioblastoma originating from low-grade glial tumors. Many authors have found strong correlation between secondary glioblastoma and long survival time (22, 24, 35) . In this study almost all patients had primary glioblastoma and neither suffering time nor clinical symptoms showed correlation with survival time.
Preoperative and postoperative Karnofsky Performance Score: It has been reported that a higher performance score was strongly correlated with a longer survival time (7, 16, 17, 20, 30) . If the patient was dependent on others to provide daily life, survival time was shorter than others. In this study we found that postoperative Karnofsky Performance score had independently influence on survival. It is not surprising that the patients who were dependent tended to have occurrence of pulmonary embolisms and systemic problems like infections.
Location: There are several reports that localization of tumor may effect patient's survival time (8, 10, 18, 20, 28, 29) . Extent of resections is generally more limited in tumors localized in eloquent brain regions. Lacroix et al. found that patients with Glioblastoma localized in eloquent regions had better prognosis but they could not define it as an independent factor in multivariate analyses (20) . In the present study there was no association between the location of the tumor and the prognosis. Mass effect and peritumoral edema were shown to be associated with a significantly shorter survival time in many studies (20) . We did not perform any volumetric analysis to evaluate the effect of edema on survival time.
Extent of surgery: Extent of surgery has been associated with prognosis in many reports (3, 14, 16, 31) . Mechanical cytoreduction is still the most effective therapy in malign astrocytomas. Cytoreduction with surgical resection also causes to increasing sensitivity to radiotherapy. The optimal extent of surgical resection depends on the tumor size and location. It is important to take tumor location into account when exploring an association between survival and surgical treatment. In many reports, involvement of eloquent brain was associated with shorter duration of survival (20, 28) .
The extent of tumor resection has traditionally been classified into the categories of gross total resection, subtotal resection, partial resection and biopsy sampling. In recent studies, neuroimaging findings have been used to determine the extent of resection. Stereotactic biopsy sampling is associated with the shortest survival time in our study like many other reports (10, 16) . Lacroix et al. have explored the prognostic significance of the extent of surgery based on neuroradiological quantification. They found a strong correlation in aggressive resection of 98% or more of tumor volume with a better prognosis (20) .
Extent of resection not only depends on tumor location, but is also related to tumor volume, patient's neurological status, systemic condition and the experience of surgeon. Buckner et al also found that extent of resection was the most important factor for predicting survival (3).
In the present study, although there was an association between longer survivals with extent of resection, it lost significance after multivariate analysis. We found that the median survival time (3.6 months) in patients undergoing only stereotactic sampling significantly differed from that of patients with resection (7.95 months).
Radiotherapy: Astrocytomas are more resistant to radiotherapy than other brain tumors in vitro studies. However unexceptionally adjuvant radiotherapy may add at least 5 months to survival time according to studies include large series (6, 25) . The present study agrees with this knowledge. Salcmann has reviewed 1561 patients and has found that while patients survived only 4 months after surgery, patients who had undertaken adjuvant radiotherapy had survived 5 months longer (25) . Furthermore, Brain Research Study Association has reported similar results (6). Wood et al. reported that if tumor volume increased during radiotherapy, the prognosis worsened (36) . Chemotherapy may prolong survival time but in the present study unfortunately none of the patients received any additional therapies like chemotherapy.
Reoperation:
The cause of death in the majority of patients with glioblastoma is primary neuronal disruption of the primary tumor. In the present study, recurrence occurred in all patients. We reoperated on only younger patients and patients with higher Karnofsky Scores. Nine months after reoperation, Barker reported that 15 percent of patients in first year and 31 percent of patients in the second year had undergone reoperation in Barker's series (2) . Furthermore, one third of patients had a better performance score after reoperation. Reoperation was the significant prognostic factor according to our study. The median survival time (9.64 months) in patients undergoing at least one additional surgical resection was significantly longer from that of others (6.86 months) based on the results of multivariate analysis. Reoperation should be considered for especially for younger patients and those with better Karnofsky scores.
CONCLUSION
Regarding our results, young age, male gender, Karnofsky Performance Score between 70-100 at discharge, total surgical resection, using radiotherapy and reoperation were predictor for better prognosis. Especially, gender has not been mentioned as well known prognostic factor in previously reports. We found a strong correlation between male gender and better prognosis after Log rank and multiple Cox regression tests. Our findings also supported the well-known entity that radical surgery is important for longer survival. Radiotherapy also added a few months to mean survival time. There was a handicap for this study that nobody was taken chemotherapy during this study. Recently, chemotherapy became an important part of adjuvant therapy. Assessment of chemotherapy on the survival time in patients with glioblastoma, should be considered in new studies. Furthermore, we only evaluated the clinical, demographic and treatment modalities as prognostic factor, but we know that, molecular and genetic factors should be studied.
